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The investigation of this research work study the potential grains of quarry dust (QD), fly ash 
(FA) and silicon carbide (Sic) as a reinforcements of this hybrid metal matrix composite. In 
this al-6063 alloy metal matrix hybrid composite the quantity consist of 4wt%, 6wt%, and 
8wt% QD-FA-SIC respectively. The Brinell hardness, tensile nature, and compression of 
those hybrid composites has explore the results according to ASTM grades. The particle size, 
grain structural boundaries have been investigate by the help of computerized inverted 
metallurgical microscope. Influence of quarry dust and fly ash in the hybrid metal matrix 
composites has the good metallurgical and mechanical properties than unreinforced matrix. 
For the comparison of these, of reinforced the properties of unreinforced matrix to reinforced 
hybrid composite was evaluated under dry laboratory conditions. 
  
Keywords: AL-6063, hybrid composites, Quarry Dust, Fly Ash, Sic,  Stir Casting, Brinell 
haedness,  tensile test, compression, microstructure. 
 
INTRODUCTION 
The hybrid composites have higher-
ranking metallurgical and mechanical 
properties when compared to the stranded 
materials. The hardness, dimensional 
toughness, high stability, high severity, 
wear nature etc. to made then are available 
for the considerable range of several 
applications in engineering. Quarry dust , 
fly ash, ceramics, E-waters, ocean wastes 
and agricultural waste ashes are waste 
materials these are obtainable abundantly 
in the whole world. Simultaneously 
Aluminum metal matrix hybrid composites 
(Al MMHCs) are using overall in various 
structured, metallurgical and tribological 
applications. Those Aluminum hybrid 
composites possess higher-ranking 
properties such as higher specific modulus, 
fastness, stiffness, hardness, lower density, 
better wear nature, lower the heat 
expansion of coefficient and well stabled 
properties at up- raised temperatures. The 
main scope in aerospace’s 
implementations, titanium alloys has been 
replaced by aluminum alloys. 
  
Aluminum hybrid composites are 
reinforced with the fly ash and abrasive 
silicon carbide by apply the current 
methods exbhits increasing trend for 
numerous properties of those increase in 
reinforcement portion of weight, other 
than the density will be reduces with the 
rise in the reinforcement level portions. 
Present work focuses both of them 
experimental and theoretical proceeds of 
Al MMHCs for superior metallurgical, 
mechanical properties and better wears 
nature. enhancement of mechanical and 
metallurgical properties depend on most of 
fabrication techniques like powder 
metallurgy methods, friction stir methods, 
bottom pour stir casting and squeeze 
casting to fabricate particulate reinforced 
Al MMHCs. Based on these literature 
survey of the above procedures, bottom 
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be simplest and the at most economical 
procedures for the fabricating particulate 
reinforced MMHCs.  
 
The metal matrix hybrid composites 
(MMHC) have been upraised applications 
in the field of aerospace’s, automobile, 
ocean, defense and constructional 
applications suitable to their enhanced 
properties. The hybrid composite have the 
properties such as primary and secondary 
reinforcement have been homogenize to 
obtain better mechanical properties. 
Aluminum metal matrix hybrid composites 
is a growing numerous applications require 
the matrix properties of super alloys.  
 
The performance of MMHCs proposed by 
the tribological naure such as wear 
behavior and coefficient of friction are the 
major factors. The wear and friction 
behaviors of Al MMHCs use to obtain by 
pin-on-disc test. In this test, bars of Al 
MMHCs slide to against EN32 hardened 




Materials and methods 
The Al-6063 is an aluminum based alloy, 
in this majority portion is 
magnesium and silicon are the alloying 
components. The standard managements 
of its compositions is supports to the 
Aluminum Association. This is generally 
superior mechanical and tribological 
properties and is heat treatable and 
wieldable. Al-6063 alloy is a regular alloy 
utilize for the aluminums extrusions. It 
allows the at most compound shapes to be 
formed with extremely for flat-plane 
surfaces fit for anodizing and so it is well 
favorable for viewable architectural 
applications such as window mountings, 
doorway frames, ceilings, and sign 
boards. Applications requiring higher 
strength typically use 6061. 
 
 
Figure 1: pure Al-6063. 
 
Aluminum Al-6063 alloy was stir-cast 
with quarry gravel dust (QD), fly ash (FA) 
and abrasive silicon carbide (Sic)  particles 
of mass proportion percentage as 
reinforcement is fabricate Al-6063 metal 
matrix hybrid composites. The chemical 
arrangements of Al-6063 alloy were shows 
in Table 1. Quarry dust  (QD) was collect 
from quarries and the Table 2 shows the 
complete details of the chemical  
arrangement. The temperature of the inner 
and outer side of the furnace was precisely 
monitored and perfectly controlled (±1 to 
2ºC) utilizing advanced thermocouples and 
a PID controllers. The experimental frame 
work of stir casting equipment used a 0.5 
HP motor is guide the stirrer with blade at 
the various speeds in between 300 to 2000 
rpm; the hydraulic elevator apparatus was 
utilize to guide the stirrer and help to move 
up and down moments in contact with 
matrix material inside the furnace.
 
Table 1: Chemical arrangement of Al-6063. 
Al Cr Cu Fe Mg Mn Si Ti Zn 
97.5 0.1 0.1 0.35 0.9 0.1 0.60 0.1 0.1 
 
In those approaches the stir casting 
procedure is utilized for fabrication of Al-
6063 alloys with fraction reinforcement of 
0wt%, 4wt%, 6wt%, 8wt% of quarry dust 
(QD), fly ash (FA) and abrasive silicon 
carbide (Sic) and particles of mass 
percentage of Al-6063 is matrix material 
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i.e high strength, fastness, hardness, lower 
density fatigue strength, and ultimate 
tensile strength. It is utilize to ask the 
following applications aircraft 
applications, automobile engines. 
 
Table: 2 Chemical Composition of quarry dust. 
SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 
51 18.4 9.29 10.2 5.0 2.1 0.59 0.78 
 
 
Figure 2:  preheated quarry dust. 
 
                 
Figure 3: Preheated SIC.           Figure 4: preheated fly ash. 
 
Table: 3. Chemical arrangement of SIC. 
Constituent SiC Si SiO2 Fe Al C 
%Wt 98.5 0.3 0.5 0.03 0.1 0.3 
 
Table: 4. Chemical arrangement of Fly Ash. 
SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 
49.5 25.54 1.03 0.47 0.65 6.13 8.92 0.53 
 
Procedure for stir casting 
A bottom pour type totally sensitized stir 
casting equipment is utilized to produce 
the AMMHCs material. Initially the matrix 
material Al-6063 alloy is cut in to the bits, 
then after placed into the 2kg capacity of 
stir casting furnace. The furnace 
temperature was controlled was around 
800-850 degree centigrade. The matrix 
material Al-6063 at 750 degrees centigrade 
temperature material becomes at most 
liquid state. Then after 10 grams of c cl6 
is added for the degasifying of molten 
melt. Then after maintain the organ 
environment with help of organ gas. 
Before stirring of the reinforcement is 
preheated up to 250◦   at 1 hour. The 
stirring was done by using mechanical 
stirrer and the stirrer speed was maintained 
600 rpm and stirring time was 10 min. And 
its stirrer is dipped 2/3 height of its molten 
metal in the furnace. During this stirring 
operation both matrix material Al-6063 
and reinforcement material are totally 
mixed. The die was preheated at most 
400◦c at 60 min. finally melted aluminums 
hybrid metal matrix composites was 
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Figure 5: Stir casting machine and die with three finger composite pieces. 
 
Processing frame work 
Table: 5 Process parameters for stir casting. 
Required Parameters Unit Value 
Spindle rotation speed Rpm 600 
Stirring set time Sec 480 
Stirring temperature of the melt ºC 750 
Preheating temperature of quarry 
gravel powder- SiC & FA 
ºC 250 
Preheating time of the reinforcements Minutes 60 
Preheat temperature of die ºC 450 
Powder pouring rate g/s 1.4 
 
Tests conducted: 
1. Brinell hardness 




RESULTS AND DISCUSSION 
Descriptions for composites fabrication: 
Table: 6 Sample Designations. 






Measurement of Hardness 
The Brinell’s scale is a hardness scale 
based on the indentation hardness of the 
material. The Brinnel’s test evaluate the 
hardness by the measuring of the depth of 
penetration of an indenter under a direct 
huge load compared to the penetration 
create by a preload. There are several 
scales, designate by a single letter, that 
utilize several loads or indenters. The 
result is taken as a dimensionless number 
noted as that in respective Brinell’s scale 
(see below). When testing materials, 
indentation hardness correlates linearly 
with strength. This important relation to 
permits economically important 
nondestructive testing of bulk metal 
deliveries with light-weight, even portable 
equipment, such as hand-held Brinell’s 
hardness testers. In this each sample was 
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Figure 6: Brinell hardness Test Machine. 
 
Hardness measurements was create on 
different sections of the after 
homogenization and heat treated material 
as per ASTM E8 standards and the results 







Table 7: Brinell hardness values of Al 6063/ (QD: FA: SiC) hybrid composite. 
S.no 







Trail-1 Trail-2 Trail-3 Average 
1. Al-6063(Pure) 2.5 1.7 1.65 1.75 1.7. 71.3 187.5 
2. 4% 2.5 1.6 1.65 1.6 1.616 78.6 187.5 
3 6% 2.5 1.55 1.5 1.6 1.55 88.43 187.5 
4 8% 2.5 1.5 1.45 1.55 1.5 95.5 187.5 
The brinell hardness of the hybrid composite materials samples results is shown in the graph. 
 
 
Figure 7: Samples for Brinell hardness test. 
 
 



















Hardness vs reinforcement 
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From this graph is concluded that the 
hardness value increases with increase in 
weight percentage of QD, SiC and Fly ash 
with weight percentage proportion of 
reinforcements 
 
Ultimate Tensile strength 
The ultimate tensile strength of the 
material is the maximal amount of tensile 
stress that it can take from before failure or 
fracturing. Then it is tested by utilizing 
Universal Testing Machine. The tensile 
tests were conducted on the test specimen 
are prepared by the according to ASTM 
E08 standards. The universal testing 
machine (UTM STAR SYSTEMS 
9036TD) loaded with 9.1 kN load cell was 
utilize to conduct the tensile test. The 
tensile strength was determined at cross 
head speed of 0.2 mm/min. The 
dimensions of the tensile test sample are 
shown in Fig9. 
 
 
Figure 9: Dimensions of Tensile testing specimen (All dimensions in mm.) 
 
In this each composition was prepared by the two samples, the average of results taken as the 
ultimate tensile strength of the samples.  
 
Figure 10: Specimens before and after conducting the ultimate tensile test. 
 
The tensile strength of the hybrid composite materials samples results is shown in the graph. 
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From the above graph it has been 
concluded that the tensile strength will be 
increase with increase the wt % of 
reinforcement of QD-FA-SIC at 0wt%, 
4wt% and 6wt%. The fourth sample of 
8wt% of tensile strength will be reduced 
compare to remaining samples 
 
Compression Test 
Uniaxial compression test trails was 
conducted on the universal testing machine 
equipped with all accessories. The sample 
specimens are prepared by compression 
test in the cylindrical type of dimensions 
of 13mm diameter and 26mm length was 
prepared from the machining with the help 
of lathe machine. The samples such as 
compression axis are similar to the height 
of the specimen direction. Compression 
tests were conducted to 45% of 
engineering strain. The distortion samples 
for metallographic evaluation were 
conducted by utilizing inverted 
metallurgical microscope. In that each 
composition is prepared by three samples, 
the test was conducted by three trails by 
three specimens. The average of three 
trails is taken as the ultimate load.
 
 
Figure 12: Universal testing machines. 
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Figure 14: compression graph of Al 6063/ (QD: FA: SiC) hybrid composite. 
 
From the above graph it has been 
concluded that the ultimate compression 
strength will be decreases with increase 
the wt % of reinforcement of QD-FA-SIC 
at 0wt%, 4wt%, 6wt% and 8wt%. In this 
compositions preparation porosity will be 
slightly increase this causes compression 
strength will be decreases.   
 
Microstructure 
A computerized inverted metallurgical 
microscope with all accessories for 
analyzing the microstructure images was 
utilized to evaluate the microstructure of 
the metal matrix hybrid composites. 
Traditional enhance polishing of the 
routines following by the etching with 
solutions of 10ml hydrochloric acids, 10ml 
methanol and 5ml of hydrofluoric acid was 
utilized to preparation of the samples 
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The optimum procedural conditions for the 
production of QD-FA-SIC particles-
reinforced aluminums alloy based 
composites fabricated by the bottom 
pouring Stir Casting approach utilized in 
the present effort study. Brinell hardness, 
Ultimate tensile test, Compression test,   
and microstructure behavior of MMHCs 
was investigated. The investigated results 
show that: 
1. Quarry dust is simply obtainable from 
the naturally created quarry rock 
exhibits resourcefulness potentials of 
attractive dispersions to provide low-
cost higher performance of MMHCs. 
2. The Brinell hardness of the hybrid 
composite aluminums alloy based 
sample results are enhances gradually 
with the increase the reinforcement 
level of composition over to the base 
material Al-6063 alloy. 
3. The ultimate tensile strength of the 
hybrid composite is gradually 
increased to the inreasing the 
reinforcement of  0wt% to 6wt%  QD-
FA-SIC MMHCs was investigated. 
4. The compression strength of MMHS 
was decreased to increase the 
reinforcement level of QD-FA-SIC. 
5. The microstructure images reveal the 
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